Mechanisms altered beta-adrenergic responsiveness in the hyperthyroid and hypothyroid turkey erythrocyte.
Studies on the relationship between thyroid hormone and the beta-adrenergic catecholamines have been carried out in the turkey erythrocyte. Conditions of thyroid hormone excess and deficiency were examined with respect to their effects on the beta receptor itself, as well as to their effects on associated biochemical and physiological indices of beta receptor function, including agonist stimulated adenylate cyclase activity, cellular cyclic AMP generation, and catecholamine-induced stimulation of potassium ion influx. Erythrocytes obtained from hypothyroid turkeys showed a marked (approximately 50%) reduction in beta receptor number without any change in receptor affinity for agonists or antagonists. Catecholamine-sensitive adenylate cyclase activity and cellular cyclic AMP levels were similarly reduced. The sensitivity of these cells to agonist-stimulated potassium influx was significantly decreased, but maximal agonist-stimulated transport rate was unchanged. Analysis of the quantitative relationship between beta receptor number, agonist concentration, and level of catecholamine-stimulated potassium influx indicates that, at any given absolute level of receptor occupancy, the level of agonist-stimulated potassium influx is identical in hypothyroid and normal erythrocytes, and that the diminished physiological sensitivity of the hypothyroid cell is attributable in its entirety to a reduction in beta receptor number per se. The results obtained in the hyperthyroid turkey erythrocyte were strikingly different. Here, beta receptor number, binding affinity for agonists and antagonists, catecholamine-sensitive adenylate cyclase activity, and maximal cyclic AMP levels were all unchanged. In contrast, maximal agonist-stimulated potassium ion transport was markedly reduced, while the concentration of isoproterenol required for half-maximal stimulation was only slightly increased. Analysis of the relationship between beta receptor number, agonist concentration, and catecholamine-stimulated potassium influx rate indicates that, at all absolute levels of beta receptor occupancy, the stimulation of monovalent cation influx is markedly blunted in the hyperthyroid cell. In contrast to the findings in the hypothyroid cell, where decreased physiologic sensitivity to catecholamines is directly attributable to a reduction in beta receptor number, the primary abnormality responsible for diminished catecholamine responsiveness in the hyperthyroid cell would appear to be located at a point "distal" to the beta receptor itself.